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TOPICS IN SOLAR COSMIC RAY AND X-RAY PRODUCTION 


Thomas L. Cline^^ 

NASA/Coddard Space Flight Center 
Greenbelt, Maryland 20771, U.S.A. 

This talk is concerned with topics related to energetic interplanetary 
particle and X-ray production 1:^ the sun. It is based upon certain 
observations of solar protons, electrons, and X-rays resulting from some 
Goddard experiments using the IMP, OGO, and OSO series of satellites. 

Some of these measurements I was connected \fith and some I am transmitting 
for others. Together, these observations help to provide a basic 
phenomenology needed for the theorizing of an accurate and complete 
picture of particle acceleration at the sun. 

The present results contrast to the solar particle data available a 
decade ago in that these were gathered using instruments with lower 
energy sensitivity, which were flown outside the earth's atmosphere and 
magnetosphere, and were exposed throughout much of the solar cycle. 

These data show that solar energetic particles are produced more often 
than only in the larger flares and suggest that they are produced in more 
than one manner. The first coherent and simple picture displaying 
several of the observed varieties of solar cosmic ray events is shown in 
Figure 1. The low-energy proton time history, recorded with McDonald's 
instruments on Explorer XII, is composed of the September 28, 1961 
solar flare increase, the September 30 "energetic storm particles," and, 
on the following solar rotation, the 27-day delayed or recurrence event. 
This result, now ancient history, provided the first classification of 

^Present address: NASA Headquarters, Washington, D. G. 20546, U.S.A. 
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solar particle events. The catecorization was made upon the way the 
particles are transported from the sun to the earth: In order, in a 

manner determined by particle velocity, in a manner determined by the 
motion of the enhanced solar plasma, and in a manner determined hy the 
rotation of the sun. The time scales for intensity maximum are 
accordingly hours, days, and weeks after the flare. This classification 
scheme has been somewhat redefined over the intervening years in that 
each category of events may be extended to include more than one type; 
for example, flare events may or may not be diffusive, 27-day events can 
be recurrent from sites of earlier flares or can be of a quiet-time, 
corotation variety, and the picture of storm particle events also can be 
confused, as we shall note later. Also, such questions as interplanetary 
conditions and relative detector solar longitude can make the unique 
classification of a given event ambiguous, or at least arguable. 

The nature of the primary solar flare particle event at its source 
is itself one of the most fundamental and yet presently unsettled 
questions. Figure 2, also from our studies of the same events of 
September 1961, shows the intensity histories of the initial flare 
event, as studied with differential spectral resolution over the dynamic 
range of observation from just above 1 MeV to nearly 1 BeV. For nearly 
these three orders of magnitude of proton kinetic energy, all the plots 
of particle intensity versus path length are seen to fit a common curve. 
Further, this common distribjtion is not an arbitrary or forced fit to 
the data, but results from the conversions of the time histories of each 
group since the flare time, l(ti-to), to path length distributions, 
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using the average velocity of each diffei’ential group {.ako each 
appropriate conversion. The first interpretation inforrod fi’om this 
result Js that all energy papula bJ one bravol n given path longUi (before 
propagabing to 1 a.u. radial die banco) wi th bho same probabili ty, so bliat 
the scattering has a veloo.i by inclopendoivb nioan free path. In addition, 
those curves also happen to be fibs to the simple diffusion equation 
through the region of mojximum intensity, as one can separately verify by 
plotting ln(l*t^'^) against (-t”^*). Another direct result is that all 
onsets are considerably delayed., characterized by a path length which is 
several times greater than the direct distance from the sun to the earth, 
and accompanied by a most probabl.e path length which is an order of 
magnitude greater than that distance. One therefore infers that either 
there is a remarkable interplanetary diffusion or that there is considerable 
storage of the particles near the sun. Yet another inference results from 
noting that since all the curves have the same shape, a scaling normali= 
zation (such as that at peak intensity, or the total count rates repre- 
senting the areas under the curves) (3an be used to provide an absolute 
differential spectrum of this particular event. It is, of course, 
tempting to identify this absolute spectrum with the source spectnim at 
the point of release. The question of the validity of this identification 
is not at present resolved, because of the question of the apparent 
velocity independent propagation, as compared with the strong velocity 
and rigid! by dependence of the modulation of galactic cosmic rays of 
similar energies by the solar environment. Finally, it is interesting 
to note that the absolute spectrum is perfectly represented over a wide 


dynamic ran^o by a power law In kinetic onergy, as shown Jn Pi^jure 3, 
which also includes an addit.ionn1 example of such an event in 1962. 

Related questions, such as the nature of the propaGatlon medium and the 
locations of the trapping rofiion, of the point of release of the 
accelerated particlos, and of the dotoctor location relative to the solar 
longitude of the event, all have to do with the interpretation of the 
absolute spectrum as the source spectnim. For example, the 
November 10, 1961 event, shown in Figure has by contrast propaga- 
tion cui*ves that differ as a function of energy or veloclLy over a more 

(2) 

limited dynamic range.' ' This one was from a 90°W flare, whereas the 
prototype came from one at 30°E. Thus, either this longitude difference, 
or perhaps the conditions existing in the near-solar or interplanetary 
environments may have caused the failure of this event to conform to a 
unique 'path length distribution. Perfect velocity indopondonco is clearly 
not always found. 

The other categories of events include the storm particle events, which 

occur with much steeper spectra, being composed of mostly low-energy 

(3) 

protons detected at a few MeV.' ' Such events occur in coincidence with 
geomagnetic disturbances and Forhish decreases of high-energy cosmic raysj 
they have essentially no velocity dispersion. Their properties may be 
more related to interplanetary parameters than to original conditions at 
the sun. 

Events of the third category, namely, the recurrent events, were 
first found to originate directly after flares with the September I 96 I 
sequence previously shown, and with another such sequence in later 1^^ 



Later on, similar corotation events were found to be present, but 

without any identification to parent flares* Figure 5 shov/s a series 

of 27-day repeating events which persisted not only throughout mid-196^, 

(5) 

during the lifetime of the F>xplorer XIV instrumentation , but continued 
until at leant January 2^^, Thoro wan no obvious way to connect 

this series to visible-disk flares, but, of course, considering the 
occasional rejuvenization, one might speculate about activity on the 
Ixick of the sun. Doth the i’laro correiated recurrence events and the 
long-lived series of flare-indopondent events are acGninpan 1 od by recurx’ent 
Forbush decreases and geomagnetic activity, All ouch events are 
characterized by the lack of velocity dispersion and by exponential 
energy spectra, such as Uiose shown in Figure 6, in contrast to the power 
law spectra which <vm charncterize direct flare events. 

With the onset of new solar activity following 19^4, low-energy proton 
increases became more frequent and less obviously well ordered in their 
times of occurrence than was evidenced by the first, elegantly simple 

series* As solar maximum is approached, as shown in Figure 7, a large 

(5) 

number of medium energy proton events appear.' At low energy, the 
frequency of proton (and of electron) events increases to the point that 
minimizes the existence of any genuinely quiet times, as is evident in 
Figure 8.^^^ Even in the quietest available periods, when the low- 
energy intensity is at a minimixm, the interplanetary differential proton 
spectrum contains a separate component in the <20 MeV region. J. Kinsey 
in his doctoral thesis investigated the possible galactic origin of this 
low-energy component. He studied 4-day averages of the 4 MeV 


proton spectra during the interval May 1967 to August 1968 with the 
working assumption that each spectrum in this interval is composed 
of two power laws. All his results are consistont with the plcUiro 
of a low-energy component of varying intensJty (decreasing, with increasing 
enorg.y) and of solar origin, nonnecting, to an appro^x-linatoly constant 
higher-energy galactic component (increasing with increasing energy). 

The minimum or valley in any observed spectrum is merely a function of 
the solar component intensity at the time of observation. The 
conclusion is, therefore, that, during this part of the solar cycle at 
least, the sun must be viewed as a continuous source of few-MeV protons. 
The phenomenology of the frequently occurring low-energy proton events 
at times nearer the solar cycle rnaximuia bears further examination. 
Throughout several years, the intensities of interplanetary flare events 
are found to vary over a wide range of magnitude, but all those related 
to flares account X’or only a fraction of the total number of events at 
low energies. Corotation events are found in abundance, and the tempta- 
tion to associate many of these with active centers on the sun found 
some success, first with the events detectod with Simpson’s Pioneer 
experiments (^5 , and later with the studies of IMP results by Kinsey. 

Figure 9 shows his association of events with central meridian passage 
of calcium plage regions, in which the regions are numbered and, if 
recurring, connected horizontally. It is appropriate to comment that a 

two-stage acceleration mechanism, approximately as postulated by 

( 10 ) 

Schatzraann, was suggested by Fichtel and McDonald as accounting for the 

( 11 ) 

phenomenology of these events; A somewhat steady^-state storage over 



weeks or months of low energy, few-MoV protons occurs above an active 
center, followed by a second stage of energy increase in the flare 
I’eleaoo. A verif ication of this picture, ouch as the observation of a 
charge composition in corotation events similar to that in flare events, 
has not l^oon acrornpl hihnfl. Another ponnibnity Is that a preliminary 
particle accoloration much closer to the lime of a flare may occjurj 
that is, particles may ujitlorf'o an initial incroaoo Jn enorijy urid then 
remain stored for a few hours prior to the final acceleration at the flare 
time.» The March 24, 1966 and January 28, 196? events, shown in Figure 10, 
hint at this possibility, each having a precursor of soft protons for a 
few hours before the main event. The March 24 flare took place on the 
visible disk and was accompanied, after the precursor, by a hard 
(>1S0 keV) X-ray event observed with the The January event 

had X-ray coverage from OGO-III only for a limited time which should have 
been sufficient to include the X-ray burst time, except that the event is, 
however, assumed to be from a back-side flare. It is accompanied by a 
considerably lengthy precursor, and may therefore be quite similar to the 
March event. It is possible, of course, that these data do not necessarily 
require the existence of a multi-stage acceleration, but may result simply 
from the occurrences of small and large events in rapid, independent 
sequence. 

The phenomenology of solar particle events can be continue i with the 
following mention of results concerning solar electron events. The 
first solar-flare electrons of relativistic energies observed directly 
in interplanetary space were those from the July 7, 1966 event. Their 
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time history is shown in Finuro 11a, compared with those of several 

groups of mod ium- energy protons. The considerably earlier onset of the 

electrons, some two liours Ixjforo the proions, is evident, Those 

electron and proton data are shown in Figure lib, having boon converted 

(13) 

to ))aUi length d Isiri but ions. All the curves have a common fit, 

similar to the case for those of the Soptombor 28, 19^>1 proooty];)o. 

Again, the conversion is determined by the zero of time, which was set, 
to allow for travel time, at ^00 seconds before the X-ray burst time. 

The rcimarkable, additional fact here is that 3~MeV electrons have oven 
much lower rigidities than did the lowest energy protons observed in 
previous events which were found to conform to velocity indepondonco of 
path length distributions. The propagation is the some for these few-MV 
rigidity electrons as for energetic protons, indicating that the trapping, 
storage and escape parameters are each rigidity and energy independent 
over several decades. As Anderson and Lin hav© shown, this univorsaiity 
finally breaks down for the 40-keV electrons. ^ Also, as shown in 
Figure 12, the propagation curve for the electrons fits the standard 
diffusion curve through maximum intensity, as evidenced by the direct 
proportionality between ln(jt' and (-t“ *) which continues until late 
in the event. The diffusive nature of the several-MeV electron events, 
like that of high-energy proton events, appears to be often the case; 
several examples of such events are shown in Figure 15. Here, four 
series of tests for diffusion (for the events of July 7 and September 14, 
1966, and February 27 and March 11, 1967) are; plotted, in which the zero 
of time is varied by 500 seconds from plot to plot. In each of the 
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four casei3, tho best linear fit Is empirically fotmcl to occur at the 
time which happens to match the time, at the sun, of microwave and/or 
hard X-ray intensity maximum. One possible Inference lu thororore that 
the interplanetary olocliron population is a direct s/uui)le of tho 
oloGtron population whlcli raiings tlio mlri'«»wavo and liard K-rviy burn!., 
boinfj simultaneously injected into tlic diffusive modium, other inferences 
have boon made usin^j the data from the July 7, 1966 event: first, the 
total number of interplanetary relativistic electrons is far greater 
than the total number of interplanetary relativistic protons emitted, as 
estimated either from using the intercepts on diffusion plots, or simply 
from the differential intensities observed. Correspondingly, it was a 
very intense event in both microwaves and in hard X-rays. Also, the 
total number of electrons detected allows ior some estinmie of the total 
niunbor' emitted into interplanetary space; comparison with estimates of 
the electron population at the flare site inrerred from tho X-ray data 
indicate that the electron population released into intorplane l.ary space 
is a small fraction, perhaps a few percent, of the electron population 

/ T O >1 t \ 

responsible for the hard X-rays. * Studies of the electron to 
proton ratio in solar events as a function of velocity or energy have not 
yet been systematically carried out, but may eventually indicate a 
correlation to the X-ray characteristics. 

The subject of the other categories of electron events can be intro- 
duced by the plot, shown in Figure 14, of the relativistic electron daily 
intensities from autumn 1963 to spring 1969, with a one-year gap from 
mid-1964 to mid-1965 . The flare events, marked with dark bars, \ 
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aro typ.lca.] )y tJfX‘ aualo, and wo are loft with tho j^einainlnp, iimo wf qulot 

1 1 mo aci ivily porhapjj unaloi'ouc to tho low onor(jy proton p lcituro, A 

plot oi* tho uame data, but with tho larijor i'laro ovonto rctnovod mid tho 

remaining daily averages smoothed by fou:-day running averages, is shown 

in Figure 15. A varioty of timo variations, including such features as 

the 27“day corotation events in late 1967, is brought out. The question 

similar to that asked in the Kinsey investigation of low energy protons 

is, of course, that of the possible solar origin of all those electrons. 

One difference between this situation for the electrons and that inveotj- 

gatod for the protons i.s that there appears to bo an onvolopo of minimum 

electron intensity which is constant, to within botter than a factor of 

two, over all five years* Given the fact that all of the quiet- time 

intensity increases have the same differential energy index as the minimum 

or background envelope, which is only -2 to -3 (and definitely not the 

same as either the flare index, which is -4 to -3, or the storm electron 

event index, which Is steeper) one infers that the quiet- time UicroaQos 

are most simply assujned to have the same origin as fche quiet-tJmo minimum 

envelope . The question of the origin of this interplanetary background 

can t)e deferred with an inquiry into the phenomenology of these many 

increases. In general, it is found that the picture of the shock or storm 

events which frequently occur at much lower energies, for example, 

Z'AO keV, is quite different^^"^ j but those events are generally too 

steep to be observed at several MeV. The quiet-time .MeV increases are 

much flatter in spectral slope, as stated above, and do tend to display 
interesting 

an>iintensity pattern. Figr/e l6 shows a portion of the same data again, 


in which some of the more obvious quiet-iinio oj.octmn increases are 
incUcatocl witli the shadoci bars. Durin(j oUior periods of ilmo, Lhe 
decroaooo or intensiby mjnima are more obvious in appearance, and are 
marked with downwards arrows. In Figure 17, the low energy, sevoral-MoV 
proton history for about a year is shown^^^^ jn wh:lch the el oo Iron 
intensity maxima, shown by the shaded bars, appear to be at the timea- 
of proton intensity minima, and the electron intensity minima, shown by 
the downwards arrows, occur at various proton intensity maxima. This 
property of quiet-time electroii intensity increases (anticorrelated or 
at least out of phase with the low-energy proton intensity increases) 
was first noticed with our 27-day spaced IMP-I series^ but at that 
time could only be dismissed as one randomly phased recurrence series. 

It now appears, as we get halfway into the solar cycle, that tills anti- 
correlation is a fundamental, or at least a very persistent, property of 
the quiet-time interplanetary electron population. It is as though the 
sun emitted low rigidity electrons and protons in beams 180 degrees 
apart. Of course, the effect may, instead, have to do with the solar 
modulation of galactic electrons. Perhaps this effect is analogous to 
the early picture of the earth’s trapped radiation, which seemed to be 
composed of two zones, the inner, proton, and the outer, electron, 
which picture eventually was resolved as one continuous physical dis- 
tribution. We have, yet to scrutinize the array of data necessary to 
resolve the corresponding total picture of quiet-time interplanetary 
electrons. 
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Another quite different topic in particle production is the interest- 
ing flare-time event series of July 1968. This series of electron and 
proton events has features which preclude its easy categorization and 
have brought forth some novel interpretations. Figure 18 shows the 
histories of 11 to 100-MeV protons, and 300 to 900-keV electrons during 
the period of July 6 to 16, 1968. Flare electrons and protons 
followed the X-ray burst on July 6, but there was no now particle increase 

following a second X-ray burst on July 8. Following and possibly 

associated with one small flare event on the 9th and two on the 12th of 

July, there were again particle increases, but it is the increase on the 

13th that causes the controversy. Simnett has conjectured that the 
electron event of the 13th was due to a disturbance (possibly related 
to the flare of 1341 UT on the 12th) which triggered the release of 
particles which had been stored near the sun since the intense microwave 
and X-ray events of the 6th or 8th. This picture is consistent with 

the following: (a) the two events which took place after July 8 were 

below the limit of X-ray detectability as shown in Figure 19 (except 
that the one of 1341 UT on the 12th had no hard X-ray coverage )j (b) the 
microwave spectra for these three events are also less intense than for 
those of the 6th and 8th; and (c) the two events on the 12th have radio 
spectra which, unlike microwave bursts, increase towards the lower 
frequencies. All these results are consistent with a minimum likelihood 
of the association of the events of July 9 to 12 with electron 
acceleration. Contradicting this picture of storage for at least five 
days is the interpretation that the event starting near noon on the 12th 
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is a new Tlare event, and that the event of noon on the 13th is a shock 
or storm particle event. This picture is also consistent with 

the appearance of a geomagnetic disturbance on July 13. 

The next topic to be briefly mentioned is that of elementary particle 
production in flares. The possibilities of meson (and consequently 
positron) and of neutron- production in flares have been discussed by a 
number of authors, in particular, Rama•^y^nd Lii^enfeltor. To date 

no experiments have had the sensitivity to detect directly interplanetary 
populations of such flare particles, or to obtain indirect evidence of 
their production at the sun. Three such searches I have made can be 
quickly outlined. First, instruments sensitive to interplanetary positrons 
of a few hundred keV to Z MeV were flown on two OGO satellites. The 
detection efficiency of each was low, due to the probability of observing 
the converted annihilation quanta in the coincident gamma-ray spectrometers. 
Electron events, such as that of July 7, 1966, have been examined, and 
upper limits to the positron to electron ratio in the #bl-MeV population 
have been set at a few percent. This result is not sufficiently 
restrictive to make possible the adoption or elimination of a relevant the- 
oretical model of elementary particle production. Second, the X-ray 
spectrum of flare bursts such as the same July 7, 1966 event observed 
with the same instrument on OGO-III, shown in Figure 20, were examined 

for the existence of the 0.31-MeV line.^^'^) The periods following the 

»♦ 

X-ray bursts were also examined for the annihilation quanta of positrons 
which take considerably delay in coming to rest in the solar atmosphere. 

All these searches have all been fruitless and result in similarly weak 
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upper limits on the positron production intensities in flares. Most 
probably, cryogenically-coolod, low-backfjround {^amma-ray detectors will 
bo nocossary to resolve the O.fil-MeV lino in qiinh ovonto. Ihjrd, a 
cliargod particle detector flown on OGO-V incorporating the d]<l versus 
E technique was used to look for solar flare noubrons. Downwards 
travelling protons and electrons which stop in the deboctor wore separated 
from knock-on protons created by neutrons within the material of the 
detector by examination of the coincident energy lOvSs and residual energy 
deposited by each particle. This technique was used to search for flare 
neutrons between the time of the X-ray burst and the time of arrival of 
the solar protons for several large events during late 1968 and early 
1969* This may have been the highest sensitivity solar neutron search, 
since both the predicted times of arrival of neutrons and the predicted 
range ’of knock-on proton energy for the maximum neutron intensity were 
matched in this interplanetary study. Nevertheless, no evidence for 
any additional counting rate over cosmic-ray background was found, that 
is, no increase above the several background counts per hour.^^^^ The 
absolute upper limits on neutron production have not yet been published 
for these events. 

The last topic I wish to outline is that of energetic solar X-rays 
related to the electron and proton flare events such as those discussed 
here. Over the last decade, a number of observers have been able to 
study the energetic X-ray emissions from large solar flares. In 
addition, the studies of the radio emissions at the flare times have 
been more sophisticated, and detailed comparisons have recently become 
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possible. Figure 21 shows the dynamic radio spectrum of the July 7, 1966 
event, in which the frequency is plotted vertically and the time hori- 
zontally. The flux density is indicated by the darkness of the 

shading. Microwave emissions have peaks early in the event at 002? and 
at 0029, and again, at maximum intonoity, at 0037 IIT. The lower 
frequency emissions are at maximum intensity an hour or so later. In 
Figure 22^ the very high frequency microwave flux density is plotted versus 
time, as are the intensity of X-rays of energy above 80 keV, observed 
with OGO-ni.^^^) The r.lmilarity in time profiles is clearly seen. The 
integral spectrum, previously shown in Figure 22, indicates a nonthermal, 
or at least non-isothermal, nature. Such energetic events as this have 
become quite common in the recent years covering the first half of the 
present solar cycle; at the high energies near several hundred keV the 
events' 'generally have one intense peak, with a l/e fall time of approxi- 
mately one minute. As has been known in general for some time, and 
recently described in detail by Kane^^"^^, the X-ray time histories, like 
the microwave bursts, generally have the briefest duration at the highest 
energies, peaking prior to the maximum of the slower buildup at the 
lower energies. Figure 23 shows the soft and hard X-rays from the 
August 28, 1966 event. It confirms this general picture, indicating a 
short burst at an early time for the >80-keV component and a later, broad 
maxim\im several orders of magnitude above the detector background for 
the soft, few-keV component before the arrival of the charged particles. 
(Please note the fact that the OGO-III satellite was spinning when these ^ 
data were recorded, causing a periodic time variation in the recorded 
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X-ray intensibyj the smooth source time pronio is, or course, formed 
by the maximum- intensity envelope of this curve, and any finer time 
variations are lost.) In contrast to sinnXe-peak X-ray evenls such as 
the July 7 and August 28, 1966 flare bu.ro ts, we examine in Figure 24 
tho ooft X-ray component of t.lio May 23, 1967 flaro ovont , Three 

independent bursts are seen at approximately one hour inbervals. The 
first of these three is too weak to have an observable component at the 
high energies, but the second two are essGnt:lally as intense above 80 keV 
as were the July and August events discussed above. Figure shows 
the >80 keV time histories of these two bursts; again the periodicity 
of the data is due to the roll modulation of the detector. In spite of 
the resulting poor time resolution, the complex behavior of the second 
hard X-ray event is seen. Noticeable also is the fact that the second 
event is' spectrally harder, because the amplitude of the roll modulation 
is not as great. These time variations are yet to be fully understood. 

More recently, improved time resolution, achieved with Frost’s 
instruments on the OSO spacecraft, has made possible new advances in 
X-ray studies. Figure 26 shows the March 1, 1969 event, in which 
extremely fast variations of only a few seconds rise or fall time are 
seen. Also clear is the usual high energy peak, typically in advance of 
the slower, lower energy maximum. These fast, quasiperiodic fluctuations 
in the onset of the event have been suggested by Frost as being due to 
the repetitive production of monoenergetic electrons by 
instabilities in the magnetic field during the initial stage of the 
flare. Some very recent results of his form an extremely interesting 
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contrast to the general features of the X-ray bursts as previously 
understood. Figure 2? shows an event with the following new and unusual 
feature; the olowoi' and more delayed intensity maximum is that of the 
harder or more energetic X-ray component, not the loos onorgotic. 

Here the fast> initial burst is dominant at medium energies but the 
energies of the slow component are much higher, namely, several 
hundred keV.^^^) Frost and Dennis suggest that this result provides 
evidence for a rapid, two-stage particle acceleration process, in which 
the first burst is considered to be bremsstrahlung from electrons 
accelerated to perhaps 100 koV by such a process as an induced electric 
field; the second represents radiation from the following stage in which 
the electrons are Fermi-accelerated to higher energies^ possibly by 
an advancing shock front. This X-ray event profile may not be unique, 
but may be simply a member of a continuous distribution of event profiles, 
including single and compound peaks, such that the harder b)urst can be 
either the first or the second in the case of the double peaked events, 
and such that the importance of two-stage acceleration varies from 
event to event. Such a view of X-ray flare events lends some credibility 
to a single all- compassing picture of two-stage acceleration. 
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FIGURE CAI^IONS 

1. Interplanetary particle event series, indicating three types of 
events. 

2. Path length distributions for the September 28, 1961 event. 

3. Absolute differential spectra of two flare event j. 

4. Path length distributions for the November 10, 1961 event. 

5. Long-lived interplanetary event series. 

6. Differential energy spectra of recurrent events. 

7. History of the Intensity of medium energy interplanetary protons. 

8. Histories of low energy protons and of low energy electrons. 

9. Correlation study of proton events with plage regions. 

10. Proton flare events possessing precursors. 

11. Intensity histories and path length distributions of flare particles 
from the July 7, 1966 event. 

12. Test for diffusion compatibility for the July 7, 1966 electrons. 

13. Phenomenological determinations of the of four diffusive events. 

14. History of the daily intensity of relativistic interpleinetary 
electrons. 

15. Four-day running average study of the electron history' of Figure 14. 

16. Low energy proton history indicating electron maxima (bars) and 
selected proton maxima (arrows). 

tr. A 

17. Low energy j^history indicating the same data as in Figure 16. 

.13. Time histories of very low energy electrons and medium energy 
protons for the July 6 to 16, 1968 event series. 

19. Hard X-ray events or their absence for the flare events of the 
July 6 to 16, 1968 series. 

20. Integral X-ray spectrum of the July 7, 1966 flare event. 

21. Dyneimic radio spectn-im of the July 7, 1966 flare event. 
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22. Comparison of hard X-rays and microwaves for the July 7, 1%6 event. 

23. Time history of soft and of hard X-r»iys and char^^ed flare particles 
for the August 28, 1966 event. 

24. Time history of soft X-rays for the May 23, 1967 event. 

25. Time history of hard X-rays for the May 23, 1%7 event. 

26. Conparlsons between X-ray euid radio time histories for the 
March 1, 1969 flare. 




27. Time histories ^f flare X-rays for the March 30, 1969 event. 
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